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Abstract
Recently, data on p¯ annihilation at rest on gaseous 4He at 3 bar, collected by the Obelix Experiment at LEAR, were used to
infer information on the formation and decay of the p¯He+ atomcule. The straightforward interpretation of these data in terms
of significant physical signals does not seem justified in the light of previous experimental information published by the Obelix
Collaboration.
1. Introduction
Recently, E. Lodi Rizzini et al. [1] claimed that no
significant amount of “prompt” annihilations (within
few nanoseconds) was observed after the p¯ capture
in a He gaseous target at 3 bar pressure. The data
utilized for this analysis were collected by the Obelix
Experiment at LEAR [2].
The experimental evidence on which the conclu-
sions of [1] are mainly based is the time distribu-
tion of the prompt annihilations of a 200 MeV/c p¯
beam stopped in a He target at 3 bar. The spectrum
was measured using a multichannel analyzer span-
ning a 40 µs time gate over 2048 channels and with
a resolution of about 20 ns per channel (see Fig. 1
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of the present work, where Fig. 2 from [1] is re-
ported).
In particular, two features of this time distribu-
tion were pointed out in [1]: (i) a small number
of annihilations is observed in the first two chan-
nels of the distribution and (ii) a time interval of
about 80–100 ns occurs between the first annihila-
tions, in order of time, and the peak of the dis-
tribution. Following the authors, these two features
of the distribution experimentally demonstrate that
very few annihilations occur “promptly” (within few
nanoseconds) after the p¯ capture in He and, on
the contrary, most annihilations (∼ 97%) occur ∼
80 ns after the first one, that is about 40 ns after
the p¯ beam is supposed to have completely slowed
down.
In [1] it is claimed that this experimental evidence
may suggest new interpretations of the processes
of capture, formation and decay of heavy negative
particles in He.
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Fig. 1. Fig. 2 from [1] is reported. (a) Not relevant for the present
discussion. See caption of Fig. 2 in [1]. (b) The continuous line
represents the prompt peak of the annihilation time distribution of
200 MeV/c p¯’s stopped in a He gaseous target at 3 bar. The dashed
line represents a calculated time distribution accounting only for the
p¯ slowing down and assuming that the physical zero of the time
corresponds to the beginning of the experimental time spectrum.
2. Previous interpretations of the same data and
other data
The same data used in [1] were already published
in [2] by the Obelix Collaboration, together with data
taken in similar conditions but with He gaseous targets
at lower pressures. In [2] details on the experimental
setup adopted for these measurements can be found.
Fig. 1 of [2] is reported in Fig. 2 of the present work.
In this figure the time distributions of the annihilations
of stopped p¯’s on He at 3000, 400, 250, 200, 150
and 50 mbar are reported. Magnifications of the time
regions of the prompt annihilations are shown in the
insets. The first channels of the time distribution at
3000 mbar, reported in the inset of the upper left part
of the figure, correspond, with a different statistics
and time scale and background subtracted, to the
distribution given by the continuous line in Fig. 1(b)
(Fig. 2(b) from [1]).
The careful observation of the data reported in
Fig. 2 and the description of the features of the time
distributions given in [2] challenge the straightforward
interpretation of the time distribution at 3 bar given
in [1].
In effect in [2] it is stated that . . . the “prompt”
region of the spectra [is] typically composed of two
contributions: the first in order of time (if falling in
the acquisition gate) is given by p¯’s stopped in the
degrader and the second one corresponds to “prompt”
annihilations in gas. The dotted line in the figures
represents the time tthr chosen as lower limit to
discriminate the two contributions. . . . As described
in detail in [2], in the experimental setup used for
the data taking, the mylar degrader was placed a few
centimeters downstream the thin scintillator of the
beam monitor, which provided the physical zero for
the measurement of the annihilation time, and very
close to the entrance of the gaseous target. In the
time distribution at 3 bar, reported in Fig. 2, the first
two channels of the time spectrum are considered
originated by annihilations in the degrader and not in
the target gas.
Similar data at lower pressures reported in Fig. 2
show clearly the splitting of the prompt region of
the spectra into two contributions. Moreover, the
data show an increase of the population of the first
peak (annihilations in the entrance degrader) with the
decrease of the pressure. This was due to the fact
that the lower was the pressure, the greater was the
degrader thickness needed to stop the p¯’s in the target
and, consequently, the number of the p¯ annihilations
in the degrader. In the data sample collected at 3 bar
the splitting is not visible since, in those particular
experimental conditions, as will be shown below, the
two peaks were separated by about 30 ns, whereas the
instrumental resolution of the multichannel analyzer
was only about 20 ns.
It is also worth noticing that, for the data samples
at 400 mbar and below, where the peak originated by
the degrader is clearly visible, the first 4 channels of
the multichannel analyzer (80 ns) coming, in order of
time, before the degrader peak contain signals. The
degrader was placed only a few centimeters down-
stream the thin scintillator of the beam monitor (the
physical zero of the time measurement); for this rea-
son, no physical meaning can be attributed to the time
signals corresponding to these first 4 channels, since
they should have unphysical negative times. Rather,
the presence of fake signals at negative time span-
ning 80 ns, with low population, can be considered as
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Fig. 2. Fig. 1 from [2] is reported. Time distributions, background subtracted, of the annihilations of stopped p¯’s on gaseous He at different
pressures. In the insets magnifications of the time regions of the prompt annihilation peaks are shown. The dotted line represents the lower limit
of the annihilations in the gaseous target, the full line the position of the “prompt” annihilation peak.
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Fig. 3. Fig. 2 from [4] is reported. (a) Annihilation time versus z coordinate (along the beam axis) of the annihilation vertex. The upper spot
corresponds to annihilations in the gaseous target, the lower one to annihilations on the target container. (b) Annihilation time versus distance
of the vertex from the axis of the target. The annihilations events with radial distance around 3 cm correspond to annihilations on the target
container. The spread of the distribution around 3 cm gives an estimation of the error in the reconstruction of the x,y vertex coordinates.
an experimental estimation of the systematic error of
the multichannel analyzer in its first channels, where
nonlinearity effects may occur. The presence of these
systematics could have been easily checked by suit-
able electronic methods, including the calibration of
the linearity of the multichannel analyzer, but unfor-
tunately these tests were not done or are not reported
in [1].
When p¯ annihilations on He were recorded by
the full Obelix apparatus [3], it was possible to
measure more reliably the time of the annihilation
(1 ns resolution) as well as the coordinates of the
annihilation vertex (1 cm resolution). In paper [4]
by the Obelix Collaboration, data on annihilations at
rest of a 105 MeV/c p¯ beam on gaseous He at NTP
are reported; these experimental conditions are very
similar to the ones reported in [1] and even more
propitious due to the presence of a thinner degrader.
In these data, the target gas was contained inside a
mylar tube 3 cm in radius, placed along the beam
axis inside the Obelix vertex detector. In Fig. 2 of [4],
reported in Fig. 3 of the present work, the scatter plots
of the correlated measurements of annihilation time,
z position of the annihilation vertex along the beam
axis and radial position of the vertex can be seen.
Fig. 3(a) shows the correlation between the time
of the annihilation and the z coordinate of the ver-
tex. Following the interpretation reported in [4], we
observe that the points accumulate mainly along two
lines: the more populated region corresponds to anni-
hilations on He, the other one to annihilations on the
wall of the target cylinder. The two bands are separated
in time since annihilations on He gas are preceded by
an electromagnetic cascade of the antiprotonic atom,
which lasts longer in a gaseous medium than in the
solid material of the target wall. Fig. 3(b) shows the
correlation between the time of the annihilation and
the radial position of the vertices. Annihilations in the
target gas have radial distances from the axis of the tar-
get lower than the target radius. In these data, thanks
to the correlated measurement of the annihilation time
and vertex coordinates, with very good time and spa-
tial resolution, annihilations in the target gas are easily
separated from annihilations on the target walls.
In the plots of Fig. 3, the physical zero of the time
scale is given by the thin scintillator of the beam
monitor placed a few centimeters before the entrance
of the gaseous target. The p¯’s crossing the scintillator
enter the gaseous target immediately through a thin
mylar window, slow down in the gaseous target, go
to rest with a distribution of stopping points 30 cm
long (the more populated band in Fig. 3(a)), form the
antiprotonic He, follow the electromagnetic cascade
and annihilate. The entire prompt annihilation process
terminates within 30–40 ns from the p¯ entrance in
the target, moderation time included. It is also worth
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remarking that, at NTP, the Stark effect should be
less effective and the cascade time should be longer
than at 3 bar pressure. At pressure conditions of the
order of 1 atm, in the annihilation of stopped p¯’s on
gaseous He, moderation plus cascade times lasting
80 ns were never observed in the data collected with
the full Obelix apparatus [5,6].
3. Conclusions
Previous interpretation of the same data reported
in [1], as well as other experimental results from the
Obelix Collaboration, show that the interpretation of
the data given in [1] seems inconsistent. This is due
to the limited quality of the subset of data considered
in [1] and to the probable contamination by spurious
signals coming from annihilations on structural parts
of the setup. Therefore, we think that a lot of care
should be applied in inferring, from these particular
subsets of data, phenomenological conclusions on the
processes of capture, formation and decay of heavy
negative particles in He.
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